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(57) [ttff|||$<DttH] 

ttKmtzhit-f#<oxmmxiMmt*mb> arte 

SJij*(C«tor^JSSSno.l~0.2eWlSi&oTI,>SC 



(SULhOfUffi^Bn 

msttcaAs (#>;•} a • at*) sfeBc 

mZ-i*- FOWiSBBKfiSto*) . ftKGaAsMZSFET (Me 
tal-Serri conductor-Fiel d-Eff ect-Transistor) ©#^ 

OEftCDttfin 

KttfroittMl 4 tctftfcftftt,>n»«ttflttlRi«2 , 3_ttc # 
W *- Ffflttff 5 ,6*RW * C 4 CC«fc o $ tl •2., 



3 

Q • cmiiSTO&KMifc CXtt (intrinsic) 
i) VmZtlZ. C©*SH. ffi2n^a;tSj^2,3in > 
^tfeM«2,30noXtt^Mc«M ( iWW) 7©x 
*;l"Fw?> FBB, Sti3Bfc^3ti5<i: ; 5(cft.S„ PJ 

x^SU-cjU (a) -C4>0> 8#e»ff-e*»). 9#« 

*htc*$. -eur^ *%mw u) t itmtoR 

ffl«CBS&P^a*s^$tl5. C©«ttMtaf2. ft 
0.6evift£. fcfc, 9»M««Sm«)irMIKM«b£ 
f*<*h£o C©y<f*-F©*»< I) -WE 
(V)tttttt. Sili4ia&c^;*ftSJ: 5 WEB- 
v R , v„£ft£. 

C©J:5ftn'- i -n'^-rt-FKi-jtB, n'^ffi 
flWH«2,3K0f3E©«E*EPlirrSi. *lftS8l5^*>6 

zmwMfflmm®b*mz.xmmi!fifatiz. com. 

B. ?^tfjCC^ofcn'-p'^-f^-K*W^toti:<D^ 
T-jglSLfc^? * F ^M&g^*- Ki^ffl-C 
*0> Lfc*Sor, n'- i -n'SWitBfltitB. GaAsS 
*LbfcSStc»i^*3fia^*-F4&0&4C£ 

JWB6*ITI,»S (#SBg61-292965^«(Cr||^) . 

CIMIijMSifcLJ: 

nr-i-nry^-FMt. FEnfeCaAsSRJbKRfH- 

«ffi«««*aaws!iW3*ia < . mmv$> zct am& 

"RiR^i (1»--yWRfiB*) *b**<tH,»C4jW#IHIJ# 
Cc«fc oT* Sftfc. Tft*>*i. n-- i -n*#-f 

*- F»#fa*5n*J&ffiKW«i i ttttD&ttfflgltftt 
En*3ett»flW«fl!)ltlMI*3*at»3lk«)K:**< ££t 

-FK&«ftt,\, 
*fc. C©n*- i -n'^-f*- F»*ttftB®ffi3# 

COtc®, xt- i-itH-i t- F©fcffc&J3Sttl/»< ft 

*«H©BWI*. ^-y«HWJ©*l>n* - i -tf9<( 
*-F*JMW4C £«:*•&. 
*#6?8©tt©BW«. 1f-y»*tt>©«(.>n' - i -n* 

*«W©«IIBtt 6 «:*©«*>©§ W4 *rflKE4$flk 
B. ffi«»©EJ6*»J:t«8«Blffi36»6**6*»«:ft* 

(*H*l!Wi-r4fc*>©*I!H 
*BRCCtet»r^StvS^M© 5 ^ttHWft «>©©« 
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4 

*»BJ©n'- i -n'^-ftf- FB. ¥JS& 
tt©M£GaAs*&©£IIK:-*t©n' JBttKflMfclftttT 
if- i - n"VmgLStl&lv thirty 91to>it J *- 

KMttPO© i «*ctt«*IIW»JH»S*vc h 5 » ^igft 
£WTS F 5 v :WfeMRtt64vCl>S. bJIB h5»^ 
ItfttK. x*jH*w<> F*"Ce^©T^0.2~0.3eV 
(C&gl/T^S. C©fc», C©F5?7'!g<i#s^- : pC 

10 eViftO, C©!g&#ft<,>J§£©ift0.6^K:tt^5fc^ 

CflsJW 

±Bl,fc*R«:j:*i«. WjcDn 1 - i -nrjr-f*- 
FB. i.«W(c<^R©Jitt(c J: F 5 » ^Wffi^ 

#-r£«^©T:So.2~o.3evtc(asu-tv£. c©yt 
». c o f 7 9 ^HMfoWF -effitc s tn-usv jgffitstM 

«<fc©mft»ffiffiS B0.1~0.2eV£ft 0 . 
C>«£©0.6eV(Ctfc'<3&HS<ft£. Ltt&r>X> ift 

20 <w*> vmtitctaii. zo-mm 

orm-tfi i w$fo Yvv im&sc f 5 » y sn-s. -e b 
r. F^^^sifiwim^-cjSfcsnsis*. 

^;U+--*ifi>&Sn > ^ffi»^©i^Jl'*"-«fi«:ifi-3 
<. t©<fc5(c. -H i M«©x*;l/=F- U^uavjB 

fitfS(M^(cfi< ana. ;xfc**i*5?-^«*tt*fl[ 

P*M#ft0.6eVfr>M.l~0.2eVtl£< ft£/ctf>. g©tCn 

»«lfilWii|»>^n*«je»«igW:*tiii*. t»--J?tMK 

^J*5*< ft*. 

30 «TBiiH*#JBOr*a9B©-iaii«K:-3l,>r«wr 

4. 

w 1 ®\z*mio-mmK *zmur<i *- F^c a 

AsMESRETCCtettSn* - i -n'^-f ^- FOWWZmSr&i 
mm. it 2 BUR C< i*;^--><> F0. »3HBIH 

a. ^4ia«imD<-v i -ym««n4wi©«0S-^E 
^©ma-mEWtt^-r^^?. ^6h«|3io<fe 

T©tSg*jjrr«5£lft¥ffi0. »7 HttRC < ^flfiHSg 
40 IR8 0~itl3Bttn*- i -n* F©S»lfiI 
S«:*j»*»fiBiar*-9r. 98l9«4^MtlttcaAdHS 

S9HttS£t5^SStifc*i«i§S14GaAsWg<&^-r»rli 

ia> mio0«^^*^w«:ji»f$nfc*ffii»ttcaAs 

C ©HJ&60J-C B^a ^ * - F#CaAsMESFETCC*|6W 

AsMESFETB. ^70©Hi6[HlK{C7n-rj;^{cy- F 
50 (G).V-X(S). FU-/> (D) X-nmtlZVE 



(3) 
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SFET©y- YtV-ZWCX? Z Y *>*v 

¥ (UmZ-it-Y) 10* A*mfc«JB4ttoTl»*. Ca 

AsMESFETB. CaAsCCteW^m^SliaTWSitCtb^O'Ca 

C©fctf>. MmUEP*<tt&. -ec-C. C©#S 

y- FtV-XBtCKWTUS. 
GaAsMESFET? v 7' 20(Cfcl>-C > V- 

fw>. y-r3s©mffi^*->B. sr6S(C7j* io 
iffl«c»j6^A*->36>e,&s-*t©y-xmS2i,F 

U-/>Bffi22*J88W6tlTl>S. *fc, C©V-^«fi 

2i<t ¥ i> a >^ffi22H«c«ifflfi< y- Ynm23&mtEv 
c©y- h^S23©y-^mS2i<!: fh >n 

mnicb o 4 t^f < > ySP25,2e*JKW 6tiri» 
*. 

720©£BfcttflW*-f*-FJfli -rfcfc 20 

i3n*~ i -nr-C«a3tl5n'- i -n* ^ t- FlttWK 

W6nri»s. c©n*- i -rem*- fiob. 

^3 ti & i. 9 fC-*t©rf $ttttffi]«2 , 3i C ©n* ftjffitfc 

«*2,3iH©*tt3ywttw* ( i mm) i iw-.TU 
-c^ $ h h £ 9 icm^mmttc «fc o-cj&s s tifc f 5 » 

^««274«>tt^ri»*. *7c. wi2n*^!£iiftM«2,3 

&. -no? 4 t- Ymmm 5 b? 7*2o©«ffi±«:g 

C©S4tfciaBiP28(3:UIBV-^«ffi2iK:«« 30 

MicgsRsnrt^. ffcfr ©#-/:*- F^m@6 

©Se^gP29«y- F««23K:««W«:«il3*ir«,»4. 

•ogf«:, n* - i - n'^-f tf- Fm>«ji«:-3i>r^ffl 
K»Wr*. Tfct>*>. Slittn'-i-n'^^F 
lO©$j&£iKfWffl0-C&£. n*- i -n'^*- FlO 
BJJft&^ifefittGaAsglg 1 ©^HK-WOrf^ttlWi 

aAs»«l Bitffiinp#l0 , ~10 , Q • cmi&SXtt (int 
rinsic) *JW*4fto-C(,»5. *fc. fnBn'JgffitftMtt 
2,3BC*l(CJ5t,r F:f-£A*lfc$fHtt (extrinsic) 40 

Mien'»*i;«(M^2 1 3fi^8ia«:^3nsJ:^«:. 4 

*&»14GaAsK« 1 ©£®(CjItl?fl<J{CJ13 5000Alig©Si 

tcjj* 3 ti S J; 9 MM 3 ft S. ifffisi -f^> 32©fl^ ii 
#Bl50KeV , F - Xfi 3 x io 1 1 cm" 1 1 V Xftt>tl i> . tl 
^jiin/tsi-f^->32«. 800'C©As££tf#B£l#-C2 

it£htcSi4*y32teo.i^o.2um<Dm$t>c£vW35i.b 50 
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Xtf «fttfMM2 , 3*Bf$,* S. MRn* £ttttfftt2 , 3© 
->-Fffi!n«100-l50Q/a<t^4„ mfiEn'^SJ; 
»«iS2 £nr«91MM3 £©R8 1 B&ymifcoT^ 

c ©<t 9 tcxttft ^luittcataSfi i m'mmm v 

■CSi-<t>32?r}T^)itJCi«: t t-5r*^ttCaAsSfi 
1 * i (intrinsic) SBi Lfcn* - i -n* #4*- FlO 
©*$fl»)jS3ftS. . 

*f©n-^5£f5t«^2 , 3ffl© i AM 7 JC F 7 » 7^27 
(&*X7jk2tlZm®) ttmtitlX^X. 020©X 
^;b*'-A>F^r^3n-SJ:9CcF7 2.7Stlfi {Wf- 
Yyv^mH) 33*5^3 nri^. COYvvfmti. 

m<DM&m#m® 7 ufticn+m uzmH? -set 

#x*;l^-o.7~~ 2MeV, Y'-XM. 1 xiO"~ l xitf'cm 
-'■C?ftonS. C©ife*. ai3*S0.2~O.4Mm<!:Mian > 

B&&®®2,3<Dmsttj:ZY7?7m®27imm2ti 

C<D ¥ 7 v7M®27<D¥ 5 -j 7m&.33l^ ^2^© 

x^^4 r ->'OF0«:^3nSJ;9«:. e^8©T# 

©heV©fiig. 7c.i^.«. 0.2~0.3eV«:fi[g-r-5„ ife 

fc, i^;b+-^-> FB(C*jt,>r. .^T^3nsse^ 
5 U^iK fl) -c*0. 8Ase^-C$>»3. 9 
{JiiS^-C*^. -e-LT. n*Jf5Hi^ (n') 4 i 
©l»DB(C««tj|rptSa«^ASn2. COlfiWla 
B. GaAs©»*IJ^ipi*i300ICCl.42eVr*)«3. n'^CaAst? 
«e^8 *»7 x;U 5 U^;u©±#mev{cftg-t 

*5j0.6eViftS. 99fi|i«»Sn«nMRffilil 
bi^3n5o ft*. BfHSSTeMMB^^^-FTO 
©/t*CC i«7{c^3tirMS*3n-SCi*>6 > ffi 
©««{C«SE»**SH3 

$/c. t?IBn*Jf5ffiK^2,3±K:«. Sjfi3S«:^3n 
S<fc9(C. ^-r^- Ffflmffi5,6*5AuCe (# • y;bvx 

Fu^iBtssns. 

O^CC, C©<fc9&n'- i -n*^^*- Flfl©«M^{C 
-9C^r|KHJ-r^„ C©n*- i -n'?4*~ FlOtCteC^T 
B. mrien'^fetxM«2,3M©Xtt*«(*^J|!i ( i |R 
ill) 7 «C F 5 -7 7lg{i33£;ftf S F 7 7*«te7*W» 
6nrc»5. C©7cfe. WT©^)**W6n4. St*© 
1fj»©n' - i -n' t- ¥<Dx*)1>1?-jO KHB. 

^S©K3B^toe>-T, ^0.6eVflgT*S. Uc#o 

r> Se*©^^*-f©i -vttOBflii4i©in<7K 

cntcML/T. *^W©n*- i -n*^*-F*10©x 
FEB. i m®7 iCY^y ^miA33f)^& 
GT(,>S. C© F5 ~j ■7m&.33te-f-i7mm i $ihZ& 



a. -f&b^. 1foo.te\rChZ>. l,1dfi~>X. V-i/m 

0. 014Bt^£ft&ft*©J§£<!:|Hjt;-e£>.2>„ -f&fc 
*SW©n'-i -n'y-Y^-Kiosiif-ym^ijS: 
ft£^fcW«t^©6©£|g— ffKr$>9, C©&g 
HAt- Kl0*lSSI$*a?.MESFET{C«Sa5©feCDi^b 

7 v ^Wtt33«:*^35*i}i«S ft. iW-/<> KB 
«03E©$D< i&D. «iP$Itdtt0.l-0.2evfIgK: 
TifiZ. CQttMcfM&Lltl -V^tttt > 05 0^ 

fta<. *-s^«a©twii6» i -v#tt 

fctt-c. y-f*-FKEBfc' (v.' <v.) . -v.' (- 
v,' >-v.) #ffi<&-5Tfc»j. «K?-5/WftK:*t 
0. £i£#n'- i -n>®frZmffib-CM t )%<ts:iX^ 

3i i0«7©*fl6jfflS©/jN3l>n*- i -rt#A*- Kl 
ffC*o-Cfe^-y©Jl5dJ©m>f-f+-K<!:-rSCi 

ft*. 

( 1 ) #&W©n* - i - n» 9 A *- Ktt. 

tCT#&fctf>. ^©^©-9--J?«jfo&J«EtlS <&»). -9" 
£W»6ft£. 

(2) ±B<1) «CJ:9. *»H«E>n*- i -rfy-f* 
-KB. ?-5>»DWj****<&Sfc«t>. NESFFT©ftm 

(3) *fS9Jtc«fcfttf, M&tt©m>*?MRl»tCcJ: 
->X 1-7 7 S C £ *> 6 . ¥fttlf£G*s& 

( 4 ) ±13 (3) CCJ:D» #2&?B(C <fcft«\ W^ttS 
<l-77 Sfctf). n* - i - n* #A *- 

( 5 ) ±ia ( 4 ) (CO: 9 , *»wc«fcfttf. nmiiBk 

(6) ±8B(1) ~ (5)KJ:0. *«WtCj:ntf. 
If-^RiROftftfcn'- i -n'HAt- FZtmtZC 

if At- h'tfGateiiESfETi&mt&Zt&VS&t^S 

«±*»W^{c«to-C& Sftfc|6§l3£SI;&fc0!IK:»^* 
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&©?«&<. *©sg*jssKna«,>i5H-r«^^jBpi 
&rc&& <:£«<,> 5 

SIT fc*?^ft8l>©r @B±I*&0* t ? &„ 

mvc*.r>x v=y ■>7m&33zmi8,Lxi>&i.\ 

feLh©SiW-C»*i t LXXftW^K. ioTft? ftfc& 
io ^-e©WMi«:-ofcfiJ^ifC*S«S^-Y^-Kft 
GaAsMESFET©S!jg^«5{caffl b fcif&ttOOT KB 0 

a*. -eti(tpg£<*ftsfc©-c»&<, caAsic^©^®^ 

#l£Wtt4>fc < i in' - i -n* #A *- KSritiai^ 

fc*¥i£f*^©$^ct«j§flirs s. 

CI6W©^J 

^Tf#£fts$0£fSiji(csM)?-fft«. T§e©£*$»)-c 
20 *^w©n' - i - n* ha t- ¥ imimnimmmt 

*-v<Dn-- i -n'tmznmbxmhz^ c©h^ 
v^mmtttx-miistiztcih. nmm&mm®* 
mmmtcntr z> mm^mrn zim<r£Z>. Ltd*-, 

mwmuimzumitA*- to&mits&zctifi 

30 0 1 mt&9tm<D-mMtcj:&fmttA*- F^caAs 
m. 

^3 mm c < ^-^mjiSi^nfcttsitctewex^ ju 

40 0 6 @(ifS] D < FEr©$tg£^-ril5£flWffi0. 

01lBt*^^^- K«HS^fiS$tlfcm#ttCaAs» 
50 fii^-TMOSB. 



(5) 



#1*27 23936 



®, 

0l30«|o!D< x*;l/^-;0 K& 

1 *ffi*§ttGaAsS1g. 2,3 n>$tttttt& 4- 

-towi. 5,& y-f*-K»«s. 7 Ktt^ 

3t$&?$. io-* 
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[J&20] 




*-n'- i -n-^tf-K (£g2V*-K) . 20- ? 

21- V-**ffi, 22 KU-<>mffi. 23 

y-h^ffi. 24 7<f+#>?W 25,26- 

7-n'#>7V >ygP. 27- h7 7^M, 28- 12 

*». 29- mm.. 3i siaR 32 sw*>, 

33 H9»?*tt. 34 35- 




35 

23- #ife 4f*fc 27- K%>7*4* 

7 - *J4*#4*M<*> 33- M*r*l4- 
10 - tC-L-rC 9'i *- 35- % 5. 




—26 
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10/505438 

DT<KBec'tfPC77p ro 24 AUg 

The n + -i-n + diode according to the present invention 
constitutes the back- to-back type diode with an n + -i-n + structure 
in which a pair of n + type diffusion regions are provided on 
a major surface of an intrinsic semi -insulating GaAs substrate. 
Moreover, a trap region having a trap level which is created 
by exposing the i region to an electron beam is provided in the 
i region between the n + type diffusion regions. The trap level 
is positioned 0.2 to 0.3 eV below the conduction band in the 
energy band. Therefore, if the trap level is filled with 
electrons, the height of potential barrier between the n + type 
diffusion regions and the i region becomes 0.1 to 0.2 eV, which 
is sufficiently lower than about 0 . 6 eV that is found in the 
case without such trap level . 

Accordingly, if a surge current (electrons) flows through 
the i region, initial electrons are first trapped at the trap 
level in the i region. Then, as the result that the trap level 
is filled with electrons , the energy level of the i region becomes 
closer to that of the n + type diffusion regions . Once the energy 
level of the i region thus becomes closer to the energy level 
of the n + type diffusion regions, the subsequent surge current 
easily flows from one n + type diffusion region into the other 
n + type diffusion region since the potential barrier has been 
lowered to 0 . 1 to 0 . 2 eV from about 0 . 6 eV, and the surge absorption 
capacity is increased. 
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